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Abstract
Providing artificial eggs is a commonly used technique to understand brood parasitism, mainly by the common cuckoo 
(Cuculus canorus). However, the presence of a cuckoo egg in the host nest would also require an earlier physical presence 
of the common cuckoo within the host territory. During our study of the red-backed shrike (Lanius collurio), we tested 
two experimental approaches: (1) providing an artificial “cuckoo” egg in shrike nests and (2) additionally placing a stuffed 
common cuckoo with a male call close to the shrike nest. We expected that the shrikes subject to the additional common 
cuckoo call stimuli would be more sensitive to brood parasitism and demonstrate a higher egg rejection rate. In the years 
2017–2018, in two locations in Poland, a total of 130 red-backed shrike nests were divided into two categories: in 66 we 
added only an artificial egg, and in the remaining 64 we added not only the egg, but also presented a stuffed, calling common 
cuckoo. Shrikes reacted more strongly if the stuffed common cuckoo was present. However, only 13 incidences of egg 
acceptance were noted, with no significant differences between the locations, experimental treatments or their interaction. 
Analysis of breeding success revealed significant differences between the locations, between experimental treatments and 
their interaction, which suggests a strong location effect. The red-backed shrike is an efficient rejector of foreign eggs. It 
would be interesting to see how similar tests affect hosts that have much higher rates of brood parasitism and egg acceptance.
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Introduction
Breeding parasitism reduces the reproductive success of 
hosts; thus, hosts have evolved anti-parasitic strategies 
(Dawkins and Krebs 1979; Rothstein and Robinson 1998). 
The most widespread and effective anti-parasitic behaviour 
is egg rejection, and the ejection of a foreign egg in some 
species occurs in more than 90% of clutches (Honza et al. 
2007; Soler et al. 2017), but a wide range of rejection rates 
have been documented (Lovászi and Moskát 2004). Hosts 
can also reject a parasitic egg by deserting the clutch, but the 
frequency of this defence mechanism is usually many times 
lower than egg ejection (Moskát and Honza 2002; Servedio 
and Hauber 2006; Schulze-Hagen et al. 2009). Defending 
the nest by mobbing is also an important anti-parasitic 
strategy used by many species (Welbergen and Davies 2009; 
Gloag et al. 2014; Carmody et al. 2016; Ma et al. 2018). 
Exceptionally, defence mechanisms occur also at the nestling 
stage, for example by the large-billed gerygone (Gerygone 
magnirostris) ejecting nestlings of the little bronze-cuckoo 
(Chrysococcyx minutillus) (Sato et al. 2010). Thus, the 
defence mechanism at the nestling stage may evolve when 
host defence at the egg stage is evaded by the parasite.
The antiparasite adaptations of many hosts towards 
common cuckoo (Cuculus canorus) have been studied 
(Schulze-Hagen et al. 2009; Møller et al. 2011). Despite 
many publications, some behavioural aspects of hosts 
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towards parasites are still not well understood. The 
interaction between hosts and brood parasites are often 
described as the arm race hypothesis (Langmore et al. 2003; 
Moskát 2005). However, the host’s response to adding an 
artificial egg imitating that of a parasite coincidentally with 
the use of a dummy common cuckoo and its call has been 
rarely studied, and the results are not conclusive. Some 
authors (e.g. Bartol et al. 2002) argue that the sight of the 
common cuckoo at the nest may increase egg rejection rate 
by the great reed warbler (Acrocephalus arundinaceus), 
but this is mainly affected by the degree of mimicry of the 
parasitic egg. On the other hand, Trnka and Grim (2014), 
in studies of the same species, argue that differences in 
host behavioural types, rather than host egg discrimination 
ability, may predict rejection rate of the egg. It is worth 
debating whether experiments with more stimuli (e.g. 
an egg plus dummy birds plus calls) are definitely much 
closer to the real biological situation (Moksnes et al. 1991; 
Krüger 2007; Trnka and Grim 2014). Hence, the main aim 
of the current study was to check how two experimental 
approaches adding an artificial egg to the host nest either 
(1) alone, or (2) accompanied by a dummy common cuckoo 
and call, may change the behavioural reaction of the host 
and influence egg acceptance/rejection rates. We chose 
the red-backed shrike (Lanius collurio) which used to be 
a frequently used host of the common cuckoo in Europe 
(Makatsch 1955). Moskát and Fuisz (1999) reported that 
up to 5% of the population of this species was parasitized 
by common cuckoo in the Czech Republic, Germany and 
Ukraine, but subsequently several years of rapid decline have 
been noted in its parasitism rate (Lovászi and Moskát 2004; 
Adamík et al. 2009). In the current study we also checked 
how strongly male and female red-backed shrikes reacted to 
the artificial presence of common cuckoo in their territory.
Material and methods
Study area
Fieldwork was conducted in the 2017 and 2018 breeding 
seasons at two study locations, one in eastern and one 
in western Poland. The study area in eastern Poland at 
Podlasie (P) near Siedlce (3  km2; 52°12′N, 22°17′E) was 
dominated by meadows and pastures divided by barbed 
wire fences into small fields; single bushes and trees were 
also present. Part of the research area was situated along a 
railway line with plenty of shrubs suitable as shrike nesting 
sites. The breeding densities here reached up to 19 pairs/
km2 (Antczak et al. 2009). The study in western Poland was 
conducted in an agricultural landscape in Wielkopolska 
(W) near Odolanów (51°34′N, 17°40′E) and was selected 
because it had already been the subject of previous studies 
(Hromada et al. 2008; Tryjanowski and Morelli 2015). The 
study location (380  km2) is an extensively used agricultural 
landscape and comprises a mosaic of meadows and pastures 
(44%), arable fields (42%), midfield woodlots of different 
ages (6%), plus scattered trees and discontinuous linear 
habitats, mainly consisting of mixed rows of trees and shrubs 
(see details in Hromada et al. 2002).
Experimental design
Nests of shrikes were found by systematic searches of their 
typical nesting habitats: woodland edges, single trees and 
shrubs. For the experiment we used active nests in which 
female shrikes had just laid eggs or had started incubation. 
We randomly divided all detected nests into two groups. In 
the first group (n = 66, P:30, W:36) we added one artificial 
egg imitating a common cuckoo egg. Common cuckoos 
normally remove a host egg during parasitism, but Davies 
and de L Brooke (1988) have shown that removal does not 
affect the probability of rejection by European hosts so we 
did not remove a shrike egg. The artificial common cuckoo 
egg was added either during the laying period (at least 
one host egg already present) or early incubation period 
(days 1–5 of incubation) of the host, because shrikes 
eject cuckoo eggs with similar intensity during these two 
periods (Moskát and Fuisz 1999). We used a filled, hard 
plastic egg, 19 × 13 mm, which was within the dimensions 
of shrike eggs (Tryjanowski et al. 2004; Golawski and 
Mitrus 2018). Using online photos as a reference, we 
painted artificial eggs using coloured markers to resemble 
common cuckoo eggs laid in shrike nests (Fig. 1). In the 
second group of nests (n = 64, P:28, W:36), in addition 
to adding an artificial egg, a dummy common cuckoo 
(stuffed birds, grey morphs) was also used. The posture of 
the dummy birds (one stuffed bird per study area; perched 
bird with folded wings) was consistent in both study areas 
because the posture of a predator influences the response 
by birds (Sealy et  al. 1998, but see also Marton et  al. 
2021). At the same time, the male common cuckoo call 
(for example, described here: Tryjanowski et al. 2018a) 
was played from an mp3 player located under the dummy 
common cuckoo. Because we planned to observe the 
behaviour of the shrikes in relation to the dummy, it had 
to be placed in a clearly visible place, so the dummy was 
placed 7 m away from the nest on a 1.5-m-high pole, this 
was also a reason to work with the male common cuckoo 
call, and we made observations from ca. 30 m away. Each 
session (presentation of dummies) lasted 5 min. During 
each session, we investigated aggressive behaviour of 
shrikes towards the dummy common cuckoo. We used 
the voice of the male common cuckoo as in the field, 
when males call much more and are then probably better 
known to red-backed shrikes than the generally much less 
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frequently calling females which also behave secretly. We 
recorded the response behaviour of shrikes on a 4-point 
scale for each sex: (0) no aggression; (1) weak reaction, 
bird responds slightly, but does not approach and does 
not fly in the direction of the dummy; (2) bird responds 
intensively, approaching and flying in the direction of 
the dummy; and (3) shrike physically attacks and pecks 
at the dummy common cuckoo (similar to the method 
used by Tryjanowski and Goławski 2004; Polak 2019). 
According to Rasmussen et al. (2012), eggs accepted for 
5 days are also likely to be accepted for the remainder of 
the incubation so we inspected the nest after five days 
to record the fate of the previously placed artificial egg. 
Shrike responses were categorized as either acceptance 
or rejection of the cuckoo egg. Rejections included 
both egg ejections and nest desertions (according to 
Moskát and Honza 2002). Nest success or failure was 
determined by the presence or otherwise of at least one 
fledgling. Because red-backed shrikes in Poland have low 
philopatry (Tryjanowski et al. 2007), there was very little 
probability of experimenting on the same individual in the 
two successive years. In both study areas we did not find 
any naturally parasitised broods of shrikes by common 
cuckoos, and generally they have a very low parasitism 
rate in Poland (Kuzniak 1991; Wesołowski and Mokwa 
2013). We also noted larders in shrike territories as an 
indicator of bird and territory quality (Hromada et al. 
2008; Morelli et al. 2015). During the experiment we did 
not observe the desertion of any red-backed shrike nest as 
a consequence of our presence.
Statistical analyses
Nonparametric methods were used to compare the 4-point 
behaviour scores (see above). Spearman rank correlation 
was used to compare male and female scores within a 
pair; Mann Whitney tests were used for unpaired data (i.e. 
behaviour scores for the two experimental approaches) and 
Wilcoxon tests for paired data (male vs. female within a 
pair). Binary logistic regression was used to compare the 
binary variables (egg acceptance no/yes; breeding success 
no/yes) between locations, the two experimental approaches 
(“dummy”, “egg”) of the study and their interaction. 
Covariates were added to the model; behavioural responses 
were as described above, but we also noted larders in shrike 
territories, and because they were so rare (see also Morelli 
et al. 2015) we coded this as a binary value: 0—no larder 
found and 1—larder found. The same type of analysis 
was used to compare breeding success (binary response: 
0—failure, 1—success) between locations, the two 
experimental approaches and their interaction, and whether 
the birds accepted the artificial egg or rejected it. The 
analysis was carried out in SPSS 21.0 (IBM SPSS Statistics 
for Windows 2012). Only results with a probability of 
α ≤ 0.05 were regarded as statistically significant.
Fig. 1  A complete clutch of the 
red-backed shrike with an added 
artificial egg (lighter colour)
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Results
Behavioural reactions towards the common cuckoo for 
the “dummy” part of the study were detected for 73% of 
male and for 48% of the female red-backed shrikes. There 
was a significant correlation between behaviour scores for 
male and female birds within a pair during the “dummy” 
part of the study (rs = 0.541, P < 0.001), and the male 
behaviour scores were significantly higher than female 
scores (Wilcoxon test, P < 0.001). This remained true for 
the Wielkopolska records (P < 0.001) when considered 
separately but not for the Podlasie records (P = 0.140; 
Fig.  2). Behaviour scores at Wielkopolska during the 
“dummy” part of the study were significantly higher than at 
Podlasie (Mann Whitney test, P = 0.008) for male birds, but 
this was not confirmed for female birds (P = 0.130; Fig. 2). 
In four cases, shrikes mobbing the dummy common cuckoo 
were supported by barred warbler Sylvia nisoria.
There were only 13 incidences of egg acceptance, 
while egg ejections were found for 115 clutches and nest 
desertions for two clutches. The binary logistic regression 
model for egg acceptance revealed no significant 
differences between the locations (P = 0.117), between 
the two experimental approaches (P = 0.186), or their 
interaction (P = 0.125; Fig.  3). Despite this, and with 
caveats on small sample size, the effect of the dummy 
appeared to increase acceptance at Podlasie, but to reduce 
it at Wielkopolska. Extending this model to include 
male behaviour score as a covariate was not significant 
(P = 0.478).
Breeding success was recorded for 61 (47%) of the 
130 nests. The binary logistic regression model for 
breeding success revealed significant differences between 
the locations (P = 0.049), between the two experimental 
approaches (P = 0.003) and their interaction (P = 0.003; 
Fig. 4). The effect of the dummy appeared to reduce nesting 
success at Podlasie, but to increase it at Wielkopolska. 
Extending this model to include male behaviour score as 
a covariate was not significant (P = 0.980). An alternative 
covariate of presence of a larder was also not significant 
(P = 0.105). However, a third option, of whether the egg 
was accepted, was a significant addition (P = 0.027), with 
lower success associated with egg acceptance.
Discussion
The red-backed shrike reactions to the calling dummy 
common cuckoo were clear. Male red-backed shrikes were 
more aggressive towards the dummy common cuckoo than 
females, although the behaviour across breeding pairs was 
correlated, as described in other studies (Tryjanowski and 
Golawski 2004; Polak 2016; Syrova et al. 2016). Moreover, 
during the experiment we also observed the barred warbler 
expressing antagonistic behaviour towards the dummy 
common cuckoo/call together with the red-backed shrikes. 
Both species often share similar habitats and territories, are 
known to mob common cuckoos (Tryjanowski et al. 2018b) 
which are predators in their territories (Polak 2016), and 
sometimes express this aggressive behaviour simultaneously 
Fig. 2  Stacked percentage bar 
chart showing behaviour codes 
for the “dummy + egg” part of 
the study at the two locations 
(P Podlasie; W Wielkopolska) 
and for female and male birds. 
Scale: 0—no aggression; 1—
weak reaction from a distance; 
2—bird responds, approaching 
and flying in the direction of 
the dummy common cuckoo; 
3—bird responds intensively, 
with physical attack towards 
the dummy common cuckoo. 
Sample sizes are 28 for Podlasie 
and 36 for Wielkopolska. See 
text for details of statistical 
significance
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(Polak 2016, 2019). Perhaps the barred warbler recognized 
the alarm calls of red-backed shrike in response to common 
cuckoos, as shown in Acrocephalus warblers (Yu et al. 2019).
Shrikes recognised and mobbed dummy common 
cuckoos, and we would have assumed that these added 
stimuli would affect vigilance, but this did not translate into 
a significant effect on egg rejection rate. Possibly, shrikes did 
not associate the presence of the dummy common cuckoo 
with the addition of an egg to the nest. On the other hand, the 
red-backed shrikes had very effective egg recognition and 
consequently a low artificial cuckoo egg acceptance, similar 
to other studies on the red-backed shrike—common cuckoo 
brood parasitism system (Moskát and Fuisz 1999; Lovászi 
and Moskát 2004). However, we have to note that the current 
Fig. 3  Percentage of egg-
additions accepted for the 
two locations (P Podlasie; W 
Wielkopolska) and for the 
“dummy + egg” and “egg only” 
parts of the study. Sample sizes 
for the four bars are, from left 
to right, 28, 36, 30 and 36. See 
text for details of statistical 
significance
Fig. 4  Percentage of nest suc-
cess for the two locations (P 
Podlasie; W Wielkopolska) and 
for the “dummy + egg” and “egg 
only” parts of the study. Sample 
sizes for the four bars are, from 
left to right, 28, 36, 30 and 36. 
See text for details of statistical 
significance
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situation is probably quite novel from an evolutionary 
perspective. Half a century ago (and hence many shrike 
generations) the red-backed shrike was an important host for 
common cuckoo in Poland (Kuzniak 1991; Wesołowski and 
Mokwa 2013). However, more recently, this phenomenon is 
much less frequent in Central Europe (Lovászi and Moskát 
2004; Adamík et al. 2009).
Surprisingly, the most significant effect in our study of 
responses of red-backed shrike towards common cuckoo 
was that in breeding success between the studied locations. 
Differences in red-backed shrike success are partially related 
to local conditions such as food supplies and weather effects 
(Kuzniak 1991; Antczak et al. 2009; Golawski and Golawska 
2019). However, there was also a visible effect arising from 
common cuckoo presence. In other studies, differences 
were also noted between local populations, which can be 
related to host and brood parasite densities, their behaviour 
and a realised arm race strategy created during co-existing 
generations in the past (Moskát 2005; Krüger 2007; Trnka 
et al. 2012; Trnka and Grim 2014).
The present study tested the arm race theory, in particular 
the red-backed shrike—common cuckoo system, but it 
would be interesting to see how similar tests affect hosts 
that have much higher rates of brood parasitism and egg 
acceptance, for example Acrocephalus warblers (Dyrcz and 
Halupka 2006; Schulze-Hagen et al. 2009; Trnka and Grim 
2014). Observations have confirmed different mobbing rates 
against common cuckoo between host species (Moksnes 
et  al. 1991; Schulze-Hagen et  al. 2009; Welbergen and 
Davies 2009; Tryjanowski et al. 2018b), which could be 
a key to understanding the issue of how different species 
recognise common cuckoo presence, their brood parasite 
behaviour and, in consequence, big inter-specific differences 
in brood-parasitism.
Supplementary information The online version contains supplemen-
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